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Abstract 
Generation of valuable alternatives to develop or modify products or to improve services is important to businesses. Generally, 
many ideas are needed to fully explore possible changes in products or services [1] [2]. The meaning of “many” is not 
straightforward and can represent various quantities. Thus, a definition for “many ideas” and an evaluation method for these 
ideas are needed. 
This study proposes an evaluation method for generated ideas with many varieties. It is expected that function-oriented thinking 
and teamwork will increase the quantity of generated ideas. Idea quantity is defined by the number and variety of ideas. In this 
study, participants generated cost reduction ideas pertaining to a stapler and a tripod, and the ideas were evaluated by idea 
quantity using the proposed evaluation method. Discussion focuses on the stapler because of difficulties encountered with the 
tripod experiment. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Study purpose and background 
1.1. Study purpose 
The purpose of this study is to propose a quantitative evaluation method for generated ideas classified by the 
number and the variety of ideas. This evaluation method is expected to be applied in a methodology that will serve to 
increase the number of generated ideas. 
 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1.2. Study background 
The possibility that high valued alternatives are generated will increase as the number of ideas on a given topic 
increases. In addition, ideas with many varieties increase by the application of function oriented thinking [1]. 
Therefore, to generate high valued alternatives, a large number of ideas with many of varieties created by function-
oriented thinking are important [1]. 
In Japanese Value Engineering (VE), the methodology follows a procedure to generate ideas with many varieties 
in order to increase the value of products or services [1]. In particular, VE places importance on defining a function 
by nouns and transitive verbs. This function definition method leads to expanding the bounds of thought to generate 
many ideas [1]. The extent to which function-oriented thinking or design by teamwork affects the number or 
varieties of generated ideas has not been verified quantitatively. In addition, we don’t have any method to evaluate 
generated ideas from a view point of the number and variety. However, VE is a qualitatively useful management 
technique in business because it is provided as an example of a management technique in Japanese companies 
[3].Thus, a quantitative evaluation methodology that can be applied to evaluate how effective different methods are 
in producing a number of ideas with varieties would provide a useful tool for businesses. The tool could be used to 
quantify the effectiveness of different idea-generating methods. 
2. Past studies 
2.1. Idea generation methods and function oriented thinking 
Typical idea generation methods are brain storming [4], synectics [5], check lists, etc. The fact that function-
oriented thinking has a certain influence on the number of generated ideas has been verified [6]. When ideas are 
generated by function thinking, the high abstract level of function definition verbs is said to increase the number of 
generated ideas [1]. However, the determination of abstract levels of a verb is difficult. Corpus is one example of 
language databases that provide various abstract verb definitions. Corpus provides examples where some widely 
used verbs have many abstract level examples associated with them. Many of the examples suggest use of wide-
thinking. So, it is possible that examples in Corpus are useful alternative indicators of abstract levels of the 
definition of verbs, as hypothesized in [6]. The limited range of the research indicates there is a statistically 
significant difference between examples of Corpus verbs and the number of ideas generated from a verb. However, 
it is impractical to attempt to use the number of verb examples in Corpus as criteria to select verbs which generate 
many ideas. The research conducted was a trial to measure the relationship between the number of generated ideas 
and examples of Corpus verbs. Varieties of generated ideas were not evaluated in the research. The relation between 
examples of Corpus and varieties of generated ideas will require further research. Thus, if one wished to understand 
quantitatively the relation between the abstract level of verbs and generated ideas or similar relationships, an 
evaluation method that includes the number and varieties of ideas would be important. 
 
2.2. Evaluation methods for varieties of generated ideas 
Some evaluation methods for generated ideas with varieties have previously been proposed. Equation (1) 
calculates varieties of generated ideas on the basis of the structure of ideas. An example structure is shown in Fig.1 
[7]. 
 
 
 
(1) 
 
 
 
Symbol definitions 
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V: variety score 
m: number of different functions to the improved 
fj: weight assigned to a certain function indicating its importance 
Sk: weight for level k where10, 6, 3, and 1 are proposed as weights for the physical principle, the working 
principle, the embodiment, and the detail levels, respectively 
Vmax: maximum variety score obtainable 
bk: number of nodes at level k 
10 is the decimal point adjustment 
 
In Fig. 1, nodes represent ideas or categories of ideas. Fig. 1 describes the situation where six working principles 
are equally divided into two physical principles. In eq. (1), Sk is 10, Vmax is 6, and bk is 2 at the physical principle 
level, and Sk is 6, Vmax is 6, and bk is 6 at the working principle level. Therefore, In Fig. 1, the variety score is V = 10 
× ((10 × 2/6) + (6 × 6/6)) = 93.33 applying eq. (1). On the other hand, Fig. 2 shows an idea structure that is subtly 
different from Fig. 1, where six working principles are not equally divided among two physical principles, but we 
get the same variety score of V = 10 × ((10 × 2/6) + (6 × 6/6)) = 93.33 for the structure in Fig. 2 as we obtained for 
Fig. 1 when equation (1) is applied. 
 
 
Figure 1 An idea structure example (Example 1). 
 
Figure 2 An idea structure example (Example 2). 
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There is a difference between Fig. 1 and Fig. 2 with respect to idea variety. However, equation (1) cannot 
describe the difference. Thus, the concept of entropy based on levels, as defined by equation (2) was introduced [5]. 
 
 
(2) 
 
 
 
 
Symbol definition 
Vk: variety score at level k 
m: number of different functions to the improved 
fj: weight assigned to a certain function indicating its importance 
bk: number of nodes at level k 
bkmax: maximum number of ideas at level k 
nk: number of nodes at level k 
pi: probability of node i 
í10 defines the polarity and provides decimal point adjustment 
 
Equation (2) describes the slant or tendency of ideas on the basis of entropy. The idea space is heterogeneous if 
the entropy number reflected in Vk calculated by the equation is small. If the entropy number is large, the idea space 
is homogeneous. Therefore, the formula indicates whether generated ideas are concentrated into some categories 
(heterogeneous) or are equally divided into each category (homogeneous). In Figs. 1 and 2, the probability of the 
nodes is proportional to the number of ideas in the categories at each level. The result of the evaluation of the ideas 
space for Fig. 1 using equation (2) is detailed below. 
Vprimary level = í 10 × (((2/6) × ((3/6) log 2(3/6) + (3/6) log 2(3/6))) + ((6/6) × ((3/6) log 6(3/6)) × 6)) = 14.94 
 
Similarly, the result for the ideas space in Fig. 2 is detailed below.  
Vprimary level = í10 × (((2/6) × ((2/6) log 2(2/6) + (4/6) log 2(4/6))) + ((6/6) × ((3/6) log 6(3/6)) × 6)) = 14.67 
 
Equation (2) indicates a slant towards heterogeneity in the ideas space of Fig. 2 compared with Fig. 1 because the 
entropy value of Fig. 2 is smaller than that of Fig. 1. However, equation (2) only indicates the variety score. The 
formula does not evaluate any quantitative effects related to generated ideas. 
2.3. Need for an idea evaluation method with entropy included 
In the design process of products or services, many types of alternatives for necessary functions are generated by 
divergent thinking. Once generated, these alternatives are evaluated and then are embodied and refined. Therefore, 
to generate many types of alternatives, many ideas are needed. In the ideas space in Fig. 2, the number of ideas is 
different in two categories, where only two ideas are generated for one block of the physical principle level from the 
bottom two categories as opposed to four ideas generated for the upper block. Thus, it may be possible to increase 
the number of ideas in the two lower categories so these provide one idea each to the upper physical principles 
block, so that all categories ideally generate the same number of ideas in Fig. 2. Both blocks in the physical 
principles level would have four ideas each in an ideal situation, as depicted in Fig. 1.  
Entropy [8] is an analogy to a homogenous idea space. Like a drop of ink into a glass of pure water, entropy will 
be maximized when the number of ideas is the same among categories (a homogenous space), resulting in an 
optimal model.  
 
918   Koichi Makino and Manabu Sawaguchi /  Procedia Engineering  131 ( 2015 )  914 – 921 
3. Proposed Method 
3.1. Approach 
This study proposes use of equation (3) to fully evaluate idea generating methods. This formula accounts for both 
the number and varieties of ideas. 
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Symbol definition: 
Q: idea quantity with variety of ideas 
M: number of different functions to be improved 
  fj: function which must be improved 
Ni: number of generated ideas  
  Nc: number of categories of generated ideas 
  nk: number of nodes at level k 
  pi: probability of node i 
 
Ideas are generated to improve a function fj , where the number of generated ideas is Ni. The ideas are divided 
into various categories and the number of categories is Nc. 
Entropy will decrease if the number of ideas in each category is different, slanting toward heterogeneity. The 
formula can determine whether the generated idea space is heterogeneous or not by the number and categories of 
generated ideas, and whether the number of ideas in each category is different. In this study, the quantity of ideas 
generated from the case study is evaluated by equation (3). 
3.2. Study content 
The effects of function oriented thinking and design by teamwork for idea generation are examined by case study 
experiments. The results are evaluated using equation (3). The participants were divided into individuals and teams. 
They generated cost reduction ideas for a stapler and a tripod. Then they changed from individuals to teams and vice 
versa to prevent biased learning effects. The generated ideas were evaluated by idea quantity. Table 1 summarizes 
this experiment. 
Table 1. Tasks for participants. 
Experiment 1-1 Individual work 
Tripod cost reduction 
Team work 
Stapler cost reduction 
Experiment 1-2 Team work 
Stapler cost reduction with function 
(Function: bind papers) 
Individual work 
Tripod cost reduction with function 
(Function: Adjust camera angle) 
Experiment 2-1 Individual work 
Stapler cost reduction 
Team work 
Tripod cost reduction 
Experiment 2-2 Team work 
Tripod cost reduction with function 
(Function: Adjust camera angle) 
Individual work 
Stapler cost reduction with function (Function: 
bind papers) 
*) Three minutes were allotted for each idea-generation task. 
(3) 
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3.3. Idea generation 
In experiment 1-1, participants were divided into two groups. One group was requested to generate cost reduction 
ideas of a tripod as individual work. Another group was requested to generate cost-reduction ideas of a stapler by 
teamwork. In this experiment, the participants are not given the functions of the tripod and stapler. In experiment 1-
2, participants who did individual work in experiment1-1 were requested to generate cost reduction ideas of the 
stapler by teamwork, and participants who did teamwork in experiment 1-1 were requested to generate cost 
reduction ideas for a tripod by individual work. At this time, the participants were given the desired functions for the 
stapler and tripod. These are the “bind papers” and “adjust camera angle” functions. In experiments 2-1 and 2-2, the 
same steps were used as in experiments 1-1 and 1-2, except the two items were exchanged. 
 
3.4. Evaluation of the generated ideas 
The idea quantities results from the experiments are calculated by equation (3). These idea quantities are 
evaluated by their value according to the procedure below. 
 
Step1: Categorize generated ideas. An example is shown in Fig. 3. 
Step2: Substitute the number of categories and ideas into equation (3). 
 
 
Fig. 3 An example of generated ideas and categories for a tripod. 
4. Results 
4.1. Idea quantities of generated ideas. 
Table 2. Idea quantity (N = 133). 
Stapler Tripod 
Average 13.05 11.25 
Standard deviation 11.95 10.46 

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4.2. An application example using idea quantity: Estimation model for idea quantity 
An estimated model is obtained by applying equations (4) and (5) for idea quantity and regression analysis with 
dummy variables. Table 3 describes the dummy variables in equations (4) and (5). 
 
Table 3. Dummy valuables. 
x1: Give function x2:Team work 
Yes = 1 Yes = 0 
No = 0 No = 1 

Regression formula for idea quantity of the stapler (adjusted R2 = 0.62) 
 


Regression formula for idea quantity of tripod (adjusted R2 = 0.25) 
 
 
 
The adjusted reliability R2 is 0.62 for the stapler model and 0.25 for the tripod model. The tripod model in 
particular has poor reliability compared with the stapler as evidenced by the large difference in R2 values. Because 
the results for the tripod are unreliable, we choose the stapler as the example for further discussion. 
 
Using the idea estimate model for the stapler, the researcher verified the idea quantity differentially on the basis 
of whether the function was given to the participants, for both individual and team work. Table 4 shows the 
calculation results. Clearly, teamwork by participants generated the greatest number of ideas.  
 
Table 4. Estimated idea quantity by regression analysis (eq. (4))for the stapler. 
Idea quantity Ranking 
Give function Team work 27.42 1 
Not give function Team work 23.97 2 
Give function Individual work 8.44 3 
Not give function Individual work 4.99 4 
In this study, two idea quantity estimation models are proposed. The R2 of the stapler which has complicate 
structure is higher than the R2 of the tripod which has simple structure. 
The examinees generated ideas for cost reduction of tripod without function definition. 
Because they imagined the function such as “Adjust camera angle” from parts of tripod whether consciously or 
not. 
On the other hand, the structure of a staple is more complicated than that of a tripod. The examinees couldn’t 
imagine the function of the whole system of a stapler from its parts without function definition. They were tied to 
improve the parts before their eyes and couldn’t improve drastically if they were not given the whole system of 
function definition. 
(4) 
(5) 
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5. Conclusion 
5.1. An evaluation method for generated ideas 
This study proposed an evaluation method for generated ideas on the basis of the number of ideas and varieties. 
5.2. The effects of teamwork and function oriented thinking on idea generation 
Table 4 indicates team work and function-oriented thinking are useful means to increase the number of generated 
ideas. The result of this study may assist in making a decision on whether to spend management resources for 
structured idea generating methods, although additional studies would help verify the analysis conducted in this 
paper.  
Based on the results of this study, it appears that idea generation by teamwork generates many varieties of an 
idea. Psychological inertia can block varieties of generated ideas. TRIZ provides methodologies for removing 
psychological inertia in idea generation. Removing psychological inertia by applying TRIZ and then performing 
idea generation through teamwork should be an effective combination to generate ideas with many varieties. For 
example, select relevant principles from many principles in the Effects part of a functional diagram [9], and then, 
with idea generation, generate the specific means of achieving these principles through teamwork. The ideas 
generated following this procedure should have many varieties. 
6. Future challenges  
6.1. Setting idea categorizing criteria 
In this study, there is some room for subjectivity by participants when categorizing ideas. In the future, criteria 
for categorizing will have to be developed to improve repeatability of idea quantity calculations. 
6.2. Weighting of categories 
In the proposed evaluation method, we regard the importance of generated ideas equally, but differences in 
customers’ interests, and idea feasibilities should be considered and weighted. 
6.3. Utilization of TRIZ by teamwork 
Ideas with many varieties are generated by a combination of teamwork and TRIZ. Various methods of the current 
version of TRIZ are not specifically discussed here on the basis of the assumption that these are applied by 
teamwork processes. In the future, the best procedures or methodologies involving effective TRIZ activity applied 
by teamwork will be studied. 
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